Leptonic and semi-leptonic rare decays of B-mesons are very clean (both theoretically and experimentally) signatures of any new physics beyond the Standard Model (SM). More specifically the decay B → Kℓ − ℓ + has been theoretically observed to be very sensitive to new physics as the Forward Backward (FB) asymmetry in this decay mode vanishes in the SM. Supersymmetry, however, predicts a non-vanishing value of this asymmetry. In this work we will study the polarized lepton pair FB asymmetry, i.e. the FB asymmetry of the lepton when one (or both) final state lepton(s) are polarized. We will study these asymmetries both within the SM and for Supersymmetric corrections to the SM.
Introduction
Lately there has been enormous progress in the study of flavour physics, where the B system has provided us with one of the most ideal environments for this type of study. Of the decay modes considered, theoretically and experimentally, the study of the "Rare decays" of the B-mesons are of particular interest. Here the name rare has been given to those decay modes which arise from Flavour Changing Neutral Currents (FCNC). FCNC processes, are absent at the tree level in the Standard Model (SM) but can occur through loop diagrams; their strength is thus proportional to the Fermi Constant. FCNC processes involving for example b → s and b → d transitions are thus relatively more sensitive to the details of the SM interactions and thus are suited to the study of possible new physics beyond the SM. Theoretically inclusive FCNC processes like B → X s(d) ℓ + ℓ − are relatively cleaner than their exclusive counterparts since they are relatively independent of the quark structure of the hadrons involved. They are however difficult to measure experimentally (for details refer to Chapter 7 in reference [24] ) and one may expect a substantial amount of experimental information regarding various exclusive B decay processes from the B-factories. Amongst the important FCNC exclusive B-decay processes are B → charmless meson + γ and B → charmless meson + lepton pair. The second one is potentially very rich as a possible set of experimental observables involving various momenta and spin polarization correlations. It is thus important to theoretically calculate all possible measurable parameters of these processes.
In recent times there have been many calculations of such processes like B → K(K * )ℓ + ℓ− [8] [9] [10] , B → π(ρ)ℓ + ℓ − [13] , B s,d → ℓ + ℓ − [14] , B s,d → ℓ + ℓ − γ [16] . Amongst these the ones involving a quark level b → s transition are expected to have relatively large branching ratios. For the B → K * ℓ + ℓ − transition possible experimentally accessible parameters like Forward-Backward asymmetry, lepton polarization asymmetry etc., have been studied [2, 7, 8, 10] . In particular, polarization correlations between the two leptons, which was suggested recently by Bensalem et al. [5] , have also been studied in the context of this process [6] . In this note we carry out an analysis of the double polarization asymmetries in the process B → Kℓ + ℓ − as well as the Forward Backward asymmetry with both the leptons polarized in various possible orientations.
The theoretical basis for the study of FCNC B-decay processes is now a well established formalism based on operator product expansion and use of the renormalization group [1] . The formalism ultimately produces an effective Hamiltonian for every process involving low dimension hadronic operators in the form of currents with numerical multiplying coefficients called the Wilson coefficients. The Wilson coefficients encrypt short distance properties of the weak Hamiltonian and are sensitive to physics beyond the SM at high energy scales, in particular, to supersymmetric extensions of the SM. A lot of theoretical work has gone in recent times in evaluating their values both within the SM and in the context of the minimal extension of the standard model (MSSM). Evaluation of the matrix elements of the hadronic currents on the other hand involve the relatively long distance quark structure of the hadrons. The most ideal way to evaluate them would be through lattice gauge theory calculations, which do not exist for all B-meson processes at the moment. Alternatively, one relies on evaluations based on Light cone sum rules and these also have been compiled for a variety of processes. We shall make extensive use of these in our calculations.
This paper is organized as follows: In section 2 we will discuss the effective Hamiltonian for the process under consideration. In section 3 we will introduce our notation of polarized FB asymmetry. Finally in section 4 we will present results of our numerical analysis and the conclusions.
Effective Hamiltonian
In this paper we are interested in process the B → Kℓ − ℓ + which has the basic quark level transition b → s. The effective Hamiltonian for a such transition has been summarized in the literature [1] . The effective Hamiltonian is arrived at by integrating out the heavy degrees of freedom from the full theory. In the SM the heavy degrees of freedom are W ± , Z and the top quarks; in the MSSM all the new SUSY particles shall also be counted. From such considerations we arrive at the effective Hamiltonian [17] :
where the O i are the current-current (i = 1, 2), penguin (i = 1, . . . , 6), magnetic penguin (i = 7, 8) and semi-leptonic (i = 9, 10) operators whereas C i (µ) are the corresponding Wilson coefficients renormalized at scale µ. These coefficients have been given in references [18, 19] . The additional operators Q i (i = 1, . . . 10), and their corresponding Wilson coefficients are due to the Neutral Higgs boson (NHB) exchange diagrams and are given in references [14, 17] . Different FCNC decays involve different combinations of C i and C Q i and thus provide us with independent information on these coefficients. At the quark level the transition b → sγ is sensitive only to the magnitude of C 7 , whereas the semi-leptonic transition b → sℓ − ℓ + is sensitive to C 9 , C 10 , C Q 1 and C Q 2 as well 1 . From the effective Hamiltonian given in equation (2.1) the decay amplitude for B → Kℓ − ℓ + works out to be:
where q is the momentum transferred to the lepton pair given as q = p − + p + , where p − and p + are the momentas of ℓ − and ℓ + respectively. The V tb V * ts are the CKM factors and P L,R = (1 ∓ γ 5 )/2. In writing the above matrix element (and in future analysis) we will neglect the mass of the strange quark, whereas lepton masses shall be retained.
The free quark decay amplitude given in equation (2.2) contains certain long distance effects which are absorbed in the redefinition of the C 9 Wilson coefficient by the prescription [20] :
( 2.3)
The Y (ŝ) part has a perturbative as well as a non-perturbative part. The origin of the non-perturbative part is from the resonance corrections to the perturbative quark loops (which gives the perturbative contribution to Y (ŝ)). We will also use the usual Breit-Wigner prescription to take care of the resonant contribution [7, 20] . This prescription implies adding resonant terms to C ef f 9 :
where all the symbols above have been explained in Krüger & Sehgal [7] . For the phenomenological factor, κ, we will choose a value 2.3.
1 it has also been shown in many works that b → sℓ − ℓ + is sensitive even to the signs of these Wilson coefficients and hence this decay channel can give us information about not only the magnitude but the sign of these coefficients Using the definitions of the form factors given in Appendix A we can write the matrix element given in eqn. (2.2) as :
where the coefficients A, B, C and D are given as : The coefficients A, B, C and D in equation (2.11) are given as 2 :
(2.6)
With the above expression of the matrix element, given in equation (2.5), we get the expression of the differential decay rate as:
with λ = 1 +m
Using this expression of the differential decay rate we will in the next section introduce the definition of the polarized FB asymmetry, followed by our analytical expressions of this asymmetry. 
Polarized FB asymmetries
Firstly we will define the polarization vectors of ℓ − and ℓ + . In this definition we will use the convention followed in many earlier works [6] [7] [8] [9] . In order to evaluate the polarized FB asymmetries we introduce a spin projection operator defined by N = (1+γ 5 S x )/2 for ℓ − and M = (1+γ 5 W x )/2 for ℓ + , where x = L, N, or T corresponding to the longitudinal, normal and transverse polarization asymmetries respectively. Firstly we define the orthogonal unit vectors S x for ℓ − and W x for ℓ + in the rest frames of ℓ − and ℓ + respectively as:
where p − , p + and p K are the three momentas of ℓ − , ℓ + and the K-meson in the dilepton CM frame. From the rest frames of the leptons we boost the four vectors S x and W x to the dilepton CM frame. Only the longitudinal vectors, S L and W L will be boosted by the Lorentz transformation to a value: Figure 1 .
where E ℓ is the energy of any of the leptons (both having the same energy in this frame) in the dileptonic CM frame. The definition of the differential Forward-Backward (FB) asymmetry is given in references [2, 21] :
Consider the case where we shall not sum over the spins of the outgoing leptons. In general the FB asymmetry will be a function of the spins of the final state leptons, and as such can be defined as (3.5) ¿From an experimental viewpoint the normalized FB asymmetry is more useful, so we normalize the above (equation 3.5) definition of the FB asymmetry by dividing by the total decay rate: (3.6) In analogy to the prescription given in Bensalem et al. [5] we can split this FB asymmetry into various polarization components 3 :
where i, j = L, T, N are the longitudinal, transverse and normal components of the polarization. Using this definition we can write the single and double lepton polarized FB asymmetries. From equation (3.7) the single polarized lepton FB asymmetry can be written as: (3.9) 3 the convention followed is that the repeated index is summed over and the doubly polarized FB asymmetry can be written as:
10) Using the above expressions of the FB asymmetries we shall first present the results of the unpolarized FB asymmetry:
From the expression given above for the FB asymmetry and equation (2.8) we can see that the unpolarized FB asymmetry as proportional to C Q 1 . This point has been very well emphasized in many earlier works [12, 13] . In the SM C Q 1 is absent and hence for the decay modes B → K(π)ℓ + ℓ − the FB asymmetry within the SM vanishes. However, in SUSY (and 2HDM) extensions of the SM there exists a non-vanishing value of C Q 1 and hence a non-vanishing value of the FB asymmetry [12, 13] . Therefore a non-vanishing value of the FB asymmetry can be very well regarded as clear signal of some new physics beyond the SM.
The analytical results of the polarized FB asymmetries are
0.363 -0.097 0.023 0.187 .0847 Table 1 : Our SM prediction of the integrated observables
where △ is given in equation (2.11) and A is the unpolarized FB asymmetry given in equation (3.11) . We will discuss the above obtained expressions of the various FB asymmetries and present our numerical analysis of the same in the next section.
Numerical analysis, results and conclusion
In this section we shall present our numerical analysis of the observables whose analytical expressions were given in the previous section.
We will present the variation of all the observables with the dilepton invariant mass. As it is experimentally more useful to have the average values of these quantities we will present our results as the averages values of these quantities as well. There are many different averaging procedures followed in the literature, we will therefore define our averages as:
which means that for calculating the average we have taken the lower limit of integration to be above the first resonance 4 . The input parameters of our numerical analysis are defined in appendix B, and our SM predictions of the integrated observables are given in Table 1 .
Before discussing our results we shall first elaborate on the models in which we have performed our numerical analysis. We have worked with the minimal supersymmetric extension of the standard model (MSSM), this being the simplest SUSY extension of the SM with the least number of 4 by first resonance we mean the resonance after the threshold of the decay, which is s ≥ 4m 2 τ parameters introduced [22] . But even in the MSSM we are required to introduce a large number of parameters, over and above the number of parameters in the SM, which makes it difficult to do phenomenological studies. To ease out this problem and to reduce such a large number of parameters there are many models available. The generic feature of all these models is that they assume some sort of unification of the parameters of the MSSM at some higher scale. There are many such models around, like Supergravity (SUGRA) models, dilaton, moduli, CMSSM (constrained MSSM) etc. SUGRA is one of the most studied models in the literature, and for our numerical analysis we will use this model. The main feature of SUGRA models is that they assume unification of the scalar and gaugino masses along with trilinear couplings at the GUT scale. In what is known as the mSUGRA (minimal SUGRA) model all the scalar particles are assumed to have a unified mass m 0 , all the gauginos to have mass m 1/2 and all trilinear couplings are also assumed to be unified to a value A at the GUT scale. There is an additional parameter in mSUGRA which is the ratio of vev's (vacuum expectation values) of the two Higgs doublets, tanβ. All these parameters are evolved from the GUT scale to the electroweak scale, where the electroweak symmetry breaking (EWSB) condition is implemented. This condition fixes the magnitude of µ 5 but the sign still remains arbitrary. This leaves another degree of freedom, that is, the sign of µ. Therefore all mSUGRA models have five parameters: m 0 (the unified mass of all the scalars), m 1/2 (the unified mass of all the gauginos), A (the unified mass of the trilinear couplings), tanβ (the ratio of the vev of the Higgs) and sgn(µ) 6 . Note that it has been shown in many works that unification of all the scalars and also all the gauginos is not an essential requirement of SUGRA models. One can have models where either all the scalars don't have a universal mass at GUT scale or there is a non-universality of gaugino masses at the GUT scale. We shall explore such a model also, where we would relax the condition of the universality of the scalar masses at the GUT scale [23] . We will assume that the unification of squarks and the Higgs sector scalars is different at the GUT scale. This shall introduce another parameter into the model. This additional parameter we will take as the mass of the pseudo-scalar Higgs boson (m A ). However for our numerical analysis we will consider only the region of the SUGRA parameter space which is consistent with the B → X s γ 95% CL [3, 24] :
We present our results for the various decay rates and asymmetry parameters considered in Figures  (1) - (14) . The branching fractions of the decays considered are of course too low to be observed with the current luminosities of the B-factories but certainly possible in the foreseeable future. As can be seen from the expressions of the polarized FB asymmetry, they are sensitive to the Wilson coefficients that arise only beyond the standard model and thus a measurement of these would be one more test of physics beyond the SM. There is another useful aspect of our results in relation to CP asymmetry. Consider the FB asymmetry of the conjugate process b → sτ + τ − . Because of the smallness of coupling of the b-quark with the u-quark, the CKM-factor in all amplitudes involving the b → s transition, like the present one, will essentially be an overall factor. Further, in the version of supersymmetry that we have considered and the parameter space thereof, there are no extra CP-violating phases. Thus in calculating decay rates the phase will be washed away and we have in effect a CP-invariant theory. The asymmetries of Table 2 : Form factors for B → K transition the process b → sτ − τ + and the conjugate processb →sτ + τ − thus are related. In fact the unpolarized FB asymmetry for b → s transition will vanish in a untagged (CP even) sample [25] . Defining the forward and backward directions as always referring the τ − and denoting the asymmetries of the conjugate process asĀ, we getĀ
with the parity factor p ij equalling -1 for all (ij) ′ s except for the combinations LN and NT. If we have an untagged sample containing an equal number of B's andB ′ s, then just as in the unpolarized sample, the asymmetries observed for the combinations LL, NN, T T as well as for (LT + T L) will vanish. However, for the combinations (LN + NL) and (NT + T N), the asymmetries will add up. We thus have a situation in these two cases wherein a measurement of FB asymmetry for an untagged sample can lead to a meaningful non-null valued comparison between theory and experiment.
A Form Factors
The form factors for the B → K transition are given in reference [2] :
where q(= p + + p − ) is the sum of four momentas ℓ − and ℓ + , i.e. the momentum transfer; f + , f 0 and f T are the form factors. Multiplying equation (A.1) by q µ and by using the equations of motion we get:
where all the other matrix elements vanish. For the form factors, f + , f 0 and f T we will take the parameterization: .4) where the values of the parameters are given in Table 2 B Input parameters 
